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AMTRA CT’

I Radmbtologtcal anaiycm of the rod fishes M Rongehp and

I ALlingtnae Atolls lnd~cated that a recontamination

I

curred in 1956 Gross levels of bets ●ctivity in

of the ●rea OC-

muscle tissue

I
ranged from O 016 to O 038 uc/kg wet weight. The \eveLe of

radioactivity in bone and muscle ttesues of fish collected during

1957 were abo~t the same as the levels for similar tissues col-

lected in 1955 Gamma spectra analysis and ion-exchange methods

I revealed the presence of Zn65, C057, C058, C060, Mn54, and Fe55.

Radiostronttum was found only tn small amounts (about , 0014 uc/kg

(

wet weight) in the bone of fish from Kabelle Island, Rongela,p Atoll

Approximately 40 per cent of the total radioactivity in the reef fishes

was due to Zn65, 28 per cent to cobalt, 26 per cent to Fe55, and 6

per cent to other radtonuclides

v



RACKJB1OLOGICAL STUDIES OF THl? FISH COLLECTED AT

ROIUGE1. ~ AND AIL IN(XNAE ATOLLS JULY 1957

During Ju\y 195? collections of fish for radlobiological ●nalysts were

made ●t Ailinginae and Rongelap Atolls. The data from theoe collections

represent part of the information from a continuing program of radiobio-

logical studies which was begun on March 26, 1954, .oon after the first

radiological contamination of Rongelap and Ailinginae Atolls. Subsequent

collections were made on July 16, 1954, January 29, 1955, and October

10, 1955 All of these investigations have been reported by Donaldson,

et ai. ( 1955). Data from the investigations in the Rongelap area by this——

Laboratory and other organizations have been summarized ●nd coordi-

nated by Dunn~ng (1957). Results of the analyses of additional material

collected August 3, 1956 are included in this report.

Materials and Methods—

F~sh were collected at Enlbuk Island, Ailing~nae Atoll, on July 11, 1957,

by no~son~ng an area of the Lnner reef One large grouper also was taken

by hook and ilne In ?vlogtrl Pass On July 17, 1Y57, ● collection was made

in the lagoon in front of the .iila~ on ftongelap Island. Rongeiap Atoll, and
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lmoot ldemttcal m a d s I354.

date of collection. com=oa nasr. es.

1955 ●d 1S56 wJrvoys. Locahtyo

genera, s~t~o aad number of

●pectmena for tha 1956 ●d 195? collections ●re listed in the appecd~x.

‘f?w ftsh were placed on Ice m insulated containers within two hours

of capture and transported to the Eniwetok Marhw Biolo@cal Laboratory

where they were frozen.

except m the case of fish

‘Iltere the fish were identified and dissected,

collected in 1956 when the frozen fish were

shipped to the base Laboratory ●t the University of Washington for dis-

section and Subsequent radiological analysis. Tissues used for analysis

were muscle, bone, liver and stomach contents or viscera. Specimens

which were too small to dissect were processed as whole fish.

Partly because of the omnivorous food habits of the Marahallese

natives and partly because of variations in the samples, it is advisable

to analyze many specimens of a variety of species to obtain reliable es-

timates of levels of radioact~vity (We lander, 1957). Consequently, two-

gram aampie. of muscle tiseue were ta~en from each fish and the

aggregate was homogenized in a Waring Blender. Plates were made of

allquots of this homogenate and the remainder dried for radiochemlcal

anaiyats. Aii aampi~s were d.’~ed at iwe C and ttm platsd samples ashed

at temperatures up to 54@ C, cooled, slurricd, dried -d count~ in
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I

internal methane gas- flow counttng chamtirs at ttw Laboratory of

R adLatlon Btoio~ m Seattle Counts per plate were commrtti to dimnte -

grations per mmute per gram of wet tissue by corrcctt~ for samoh

wetgttt, ~rr. etry, backscatter and s?lf - abmrpt~on. ?or ● more cxxnplete

dtgcusa~ort of these procedures see Donaldson ●t ●l. ( 1953).—

Other ttssues were treated similarly. with the ●xception of liver, in

whtch case the whole organ was removed from each ●pectmen. u a ●f-

ficient number of specimens of a single species was obtained, the tissues

were treated separately ●s in the case of goatfish and halfbeak from

Kabelle Island (see Table 1).

Decay rates for radioactivity of tissues of fi~h collected in 1956 were

calculated because there were indicatlone that Rongelap Atoll was contami-

nated during the Redwing operation.

Gamma spectra and total gamma counts were made on dried or ashea

samples In a single channel, 50-position, automatic advance, gamma spec-

trometer us~ng a two-inch, well-type sodium iodide crystal. Chern~cal

analvses were made by ion-exchange resin column and radio chemical pre-

cipitation techniques l%e radioactive isotopes contained in the separate

fractions were Ldentliied by determination of the gamma ●nerg~es, and by

beta mass absorption st~dies using aluminum foil Correction factors for

,
ronvertlng beta and gamma counts to d.stntegrations per minute were calcu-

1..-1 k,. *<-&d%eu“ . -,.-C*..- A.-4,
/ .8, = “-= “. -, .’, ”.. Q-

n-. -.l - _# ;:, $ --.--A..-A-
2! k?..: =l”t *TaG~”Kiea “a .-. .= “. p. ULCUU, co

used are given by Lowman et al (~gs?)—.
!
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Gsw@d Beta Radtuactitiq

T-k 1 show gross Levds of beta radcmetivtty W ttIO floheo duriu

July 1957. a the thres ialand8 visited Ui8 hi#wm bvds were f- in

tk fish ::”.” ,ue from Kabelle [sled tn ali Cascoo for coanpuabla

URMP” I* leaut radioactivity w- found in ftsh collected n8ar l!lon@lap

Islad. Radtoactiti ty in muscle tioouc of fish fmm Enibuk Islan&

Ailinginae Atoll, w8* ati great or greater than that of KabeUe Island.

Comparatively minor differences ●re seen in the levels of radioac-

tivity in similar tissues of omnivorous and carnivorous fishes from

Rongelap Island, except for stomach contents. l%e presence of alga.

in the stomachs of many omnivorous fish would account for the higher

levels in these fishes.

Two species, the goatfish and the halfbeak, were taken in sufficient

quantities for separate analyses me goat.fish feeds on small inverte-

brates, prlnctpally cruatacea, of the sandy bottom areas. Levels of

radioactivity in the stomach contents and liver of these fish were much

higher than in ot~er fish of the same area; however, rwiioactivity in

muscle tissue was not much higher The hslfbeaks from KabelAe Xnland

had about the same amount of radioactivity as fish from Rongehp, reflect-

in~ perhaps, a different feeding habit than that c# other fish cd WUe

Mand. The ha~ak normally feeds ●t the surfsce on macrqhnkton ,

I

i
,-
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which icwiudes smali ftsh, invertebrates and ●lgae.

I Table 2 contains data on the rate of decimeofthekta radioactivity

in reef fish collected at Rongelap and Ailmgmae Atolls betwe*n March

26, 1954 and July 18, 1957. The rates of decline h Uver, bone and

muscle tissue of fish from Kabelle Island are given in Figur@ :. The

decline rates are similar for all three tissues, ●specially during the

first two years. Recontamination by other nuclear devices during the

1
summer of 1956 is indicated by the increase of radioactivity in muscle

and bone and a temporary decrease in rate of decline in liver tissue.

I
At present, the radioactivity in liver tissue appears to be declining at

I a n}ore rapid rate th~n Ln bone or rr,u!acle, whtle the radioactivity in the

I viscera or stomach contents has decl~ned more rapidly than that of other

I tissues (Table 2) It has been suggested (Welander, 1957) that some of

the long-lived Isotopes may bc accumulating in the bone and muscle of

fish, whereas the radioactivity in liver tissue is similar to that in the

stomach, bearing out the fact that the liver is an organ for the temporary

storage and passage of food and waste products It ia of interest to note

that the levels of radioactivity in the bone and muscle are about the same

as those of the 1955 samples.

Data on rad~oactlve decay were obtained from bone and liver tissue of

groupem (Epinephalus merra) from Kabeile and Rongelap Islands, ard fmm

homog~nlzed muscle tissues from 13 species of reef fish The decay rates

of muscle and bone wi~re 1) are more rapid than declkr,e rates for the

.
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same period, however, llver tlseue decay and decline rate- ●re ●imilar.

=,= ~iii~i ●nceo m rate m- aecay ●nd decl~n? in both bone 4 muscle may

mdtcate greater r~tentmn ●s well ●s continued uptake of long- lived

radioactive materials in

Figure 2 illustrates

Rortgelap Island between

●

these tmsues.

the rate of decline in the ttssues of fish from

January 25, 1955 and July 17, 1957. Again it

will be noted that the rate of Jecline ~ radioactivity is somewhat greater

in the liver tissue than in bone or muscle. All tissueo show ● deftnttc

increase in radioactivity after the summer of 1S56, reach~ng a relatively

higher level than for the same tissues in fish from Kabelle Island, but

declining at a more rapid rate after 1956,

Decay and decline ratee of radioactivity of muscle and bone ttsoue

from fish from Rongelap Island are approximately the same, decay being

slightly mole rapid. The radioactivity in liver tissue decline- at a more

rapid rate than Lt decays.

Gross Gamma Radioactivity, 1!357

Table 3 contains data on gross levels of gamma radioactivity In the

homogenate of many reef fishes collected at Rongelap and Ailinginae Atolls.

AS with the beta radioactivity, Rongelap Island fish generally had leas gamm

radioactivity than fioh from either En~buk or Kabeiie Islands. Also dtffer -

●rices were not great between sirr. iiar species from dtiferent Lsiands. A

markedly higher amount of radioactivity was noted again in the Liver of

.----- ----- . ___ ,._, ___
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I

collection C onmon Mumbor Muscle W LIVOF ::~W::
date and m- Of
Locality Spec 1-

Wns

7111/57 Reef fish 32 33 105
Aiit*hae
A toll

Enibuk I.

7/17/57 Reef fish 26 20 34 111
Ronqelap Atoll (carnlvmes)

Rongelap I.
Peef f18h 24 19 22 64
(omnivores)

7/12’/57 Reef fish 11 36 54 75 48
Rongclap Atoll

~belle I. (30atflsh 14 28 413 683

Halfbeak 50 14 64

~lssues were counted for radioactivity during
September 1957.

t

L- - .-..
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goatft@h caught st Kabeile [sland llte radm.activity m muscle tlcaue

was &neralAv aboJt the same in Kabe\le and Enibuk reef fish.

Gamma radioactivity in the rtlu.cle ●veraged about 26 per cent that

of the ltver wtth variation of from 7 io 48 per cent. Beta actlvtty waa

slightly iower, the rr.uscle to liver ratio averaging about 10 cr cent,

with a range of from 5 to 27 per cent. me greatest difference in the

amounts of both gamma and beta radioactivity between liver and muscle

was fo~nd in the @atfish.

Gamma Soectra

Gamma spectra were made on dried sample- of tissue to detcrm~ne

if gamma peaks other than those from expected fission products were

present. The gamma spectrum curves obtained from various fish

tissues are compared w~th Sptkea of radioactive cobalt and radio act~ve

z~nc in F~gure 3 (top, center panel)

The gamma spectra (made in October i9S7) on whole samplee

exh(b; ted certain common characteristics with peaks at several

positions as follows

O. 12 MEV considered to be from C057

051 MEV “ tt II “ ~65

0.84 MEV “, !! II “ Mn54

1. 12 MEV
t! t, Iv ‘~ zn65

1 .J3 MEV “ “ “ 1’ C060

L --z_. A- ------ .—. ..— . . ------
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The Zn65 peak at 1 12 MEV occurred In ●very tissue sample tested,

tndtcatlng the ~.rt:mun occurrence of th; s isotope com~ared wl:h other

---- .- .**---*- . . .. ..- - . . . . ..-. s 7?, ;3 i.s~iGA6UiUp~ ilis ‘been ub.erveti in fish tissues

b! many authcrs, as sun; rtlar!zed by Lowman et al. (1957). Additional——

data from this Laboratory are given tn Table 4.

The C057 peak of O. 12 MEV was present in the liver of all fish

tested, however, Lt ~ppears to be rather low in the liver t~ssue of

omnivorous fish taken at Rongelap Island. This radioisotope was not

detected tn goatfish gut or goatfish bone, but occurred in small amounts

I in go~tftsh muscle No dlst]nct peak at

I muscle

~ The

peak at

present

muscle

present

ttssue of reef fish or ~n halfbeaks

peak of Mn54, dt O 84 MEV, was

0 81 MEV One or both of these

O. 12 MEV appeared in the

taken at Kabelle Island.

partially obscured by the C058

radioisotopes appeared to be

in the muscle and liver of reef fish from Enlbuk Island,

and liver of hal.fbeaks from Kabelle Island, and possibly

in the

were

An the muscle of reef fish from Kabelle Island, Ver\ficatlon of

the presence of both of these isotopes in Enibuk reef fish liver was later

obtained by ion-exchange resin column analysis (see below)

The C060 peak at 1 17 MEV was obscured by the Zn65 peak at 1.12

MEV; however, the CoGo peak at 1.33 MEV was obeerved in the liver

and muscle of Kabelle goatfish and in the liver of Rongelap ommvorous

fish The presence of Co6° was also later verified by ion-exchange

analysts of Enlbuk reef ftsh liver.

5=------- ___ ._._. - , —
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[n general. the gm. rra spectra of the fish tlssuea from d~fferent

areas hav~ defmlte s~m~larlt[es. ● ven when compared to results ob -

tnined from other atolls (Lowman ●t ●l 1957) Differences Ln gamma—. —

spectra appear to be greater between different organs of the same fish

than between the same organs of fish from different islanda or atolls.

To identtfy the varioua radionuclides contained in the reef fish liver

samples collected at Embuk island, Ailinginae Atoll, July 11, ld57, the

samples were pooled and the ash (O. 384 grams) dissolved in O. 2 N HC1.

This solut~on, after flItering, was passed through an ion-exchange

catlon~c resin coiun. n of Dowex 50. l%e an~ons and HC1 waah fractions

of the sample were combined and later passed through an ion-exchange

colurrln of Dowex 1 antonlc resin to further separate the fractions and to

obtain the excess of the nu~lldes resulting from overloading the catlonic

restn The radloassay of the fract~ons obtained from both columns ~s

gurr. marlzed Ln Table 5. Details of these procedures have been reported

by Lowman et al (1957) The methads generally follow those developed.—

by Tompkins et al. (1947), Kraus and Moore (1953), Kimura et al (1956),—— ——

Takanobu et al. (1956), and Ish~bashi et al. (1956). ,
—— .—

The ~dentlftcation of Fe55 In the oxalate fractions was made by mass

absorption technique in a windowless methane gas-flow beta counter

One-ml plates of several fract~ons totaled 39 c/m after drytng under an
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Wvex 513 separation I~otom d/m d /m/g
Practton9 in order ash wet

of ●Iutlon sample VO ;ght

.3.5$ oxa~lc acid

5* ammonium citrate
PH 3.5, b-m

ntt n

It M !$

n t! If

pd 3.5, o,p and
pH 4.1, a-1

pH 5.1, b-k

Dovex 1 seuaratfoneo
Fractions Ln order

of elutlon

6 M HC1

4 End 2.5 M HC1

If It It 1+ II

t( II I@ !1 1!

3.)05 M HC1

F=55 11,872 516

zn65 6,187 269

C057 5,90~ 257

co5d 1,192 48

C061 4.C9 21

~54 138 5

sr9d J o

458 20

3,Q6~ 172

485 21

756 33

11,898 517

● Ash weight of sample ).3811grams.

“*These fractions contained considerable amounts of
manganese, cobalt, and zinc, :ndicatlw an Over-
lwduig of the Dowex 59 catlonlc reslna

‘—.— . —. .———
-.._ -. .
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<

i~xmred tbamtlamp, 110 c/m alter f’hmhg and 4 c/m alter covering

with dsainum foal 4 7 m8/czB2 in weight. A total correction famr

of 112 wae used (based on ● secondary ?es$ staadud obtemed fmm

Dr. C A. Finch, Umvcrstty of Washington) to convort b disinte-

grations per minute.

‘I%e rsdiohotopes of zinc, cobalt and manganeee were identified by

their gamma ●nergies and the disintegrations per mmute were calcu-

lated from the gamma spectrum curves of the different fractions.

Radioctrontium was not detected m the citrate fractiona where it

would be expected to occur.

Radiochemical precipitation determinations revealed the presence

of small amounts of radiostrontl~m in the bone of fish collected at

Kabelle Island. No radiostrontium was detected either in the liver or

muscle of any of the fish taken at Aiiinginae or Rongelap

the bone of fish from Enibuk Island or Rongelap Island.

Atolls or in

Table 6 con-

tains data on the Sr90 content Ln fish tissues collected during and since

1954 at Rongelap Atoll by this Laboratory. Except for traces of SrgO

in goatfish and reef fish bone frGm the Kabelle Island 1957 collections

and in bonito bone from the 1955 collections at Labaredj, no radio-

strontium has been detected in the fish tiseues.

A summary of the data on the radioisotopes obtained from the liver

tissue sample of reef fish from Enibuk Island is contained in Table 7.

In total radioactivity, Zn65 contributed about 40 per cent, C057, COS8.

— —— —-
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lsotopc kta-g~ nets+ ue/kg ?0? cent
●ctLvity, activity,” V8t total bO--
d/n/G vet Q/m/g vet w~ht ~m
we Ight we fght ●ativlt~

Unident tf led

786

429

69

54

516

25

0

111**

24

138

22

19

0

0

0

111**

●357

● 195

.032

● 024

.234

.011

0

,050

39.5

21.6

3*5

2.7

25.9

1.2

0

5.6

Totals 1,988 314 . $)02 100.0

● Beta+ activity for ZnG5 fs 2.5 per cent of the total
radioactivity. Self-absorption corrections for beta
actlvlty in cobalt ver~ wide by ualng etandards and
splk~s in 5 per cent citrate dried on 1~-lath plates
rnd counted in the methane gas-flow Ifucleometer
(Lo~ o g., i~57).

‘gUnidentiflec rad~oactlvlty was eat mated

Y
~ ,05?: :Xx-calculated be- actlvlty - Zn 5,

jo O from the beta activity (314 d/m/g vet weight)
counted in the !nethane gas-~lov counter.

i

I

i

-.. ..... .
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ad Co* a&ut 28 per cent, and Fess -t 28 *r ctit. ‘Ilw radoisO-

t~ Ma* was detected in only minor amoun~ and unidentified

hotopes amounted to about 6 per cent of tha total radiosctivtty.

radio-

tt wa8

pre~mmd that the unidentified radkmcttvity was dtm to beta particles

which penetrated the duminuxn ●hiehl of the sodium i~de cryotal.

However, these totals may be conoervattvc. dus tn part to ●amplo MS

and partly because all of the gamma ●ctivity was

It will be observed that almost all, if not all,

I

not ●ccounted for.

of the radiosctivtty

I is due to non- fisston products (Table 7). It i. Q- of htmest to ride

1 that since the discovery of Zn65 in tissues of fish from the Pacific

area by Kawabata ( 1954), this

in fish tissues, usually as the

I

19S5; Donaldson et al., 1855,——

radioisotope has consistently been found

dominant radioisotope (Rinehart et ●l. ,——

Yasnada et al. , 19SS, Saekio Okano. and——

i
Mori, 1955; Mori and Saiki, 1956; Yoshii, 1956; Nagasawa ●t ●l. 19S6;——

Lowman et al., 19S7).——

There are additional similarities in the kinds and ●mounts of radio-

isotopes found in fish tissues. Most Investigators have found little or no

radios trontium,

have been found

et al. , 1957) as——

Cosa and Co60,

even in the bones of fiaheo. Radioisotopes of cobalt

in tissues

well as in

together,

activity in the fish tissues

of fish from Bikini and Entwetok Atolls (Lawman

fish of the open sea (Kawabata, 1954). COST,

comprise aa much as 28 per cent of the radio-

of the Ronge\ap area. Fe55 ~d Mn54 have ~th

been found by previous investigators (Lowman e’ al. . 1957). Apparently——
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h dten present

in radioisotopic

in fish tiaww but onAy in small

contatt & certain orgsna in tb.

same fish have become ●violent. Bone, for aampk, differs from mO@t

other tissues in lacking C057, Co5~, and CO*, although considerable

amounts may be present h the muscle and liv~r & the same fish.

U the radioisotopes in Table 7 ●re ueed ad the half UV*S wei~ted

by ●ither the per cent of total ●ctivity or the d/m/g wet weight, the

estimated generalized decay

an approximate 3t30-day half

of the radioactivity in the sample ideates

life for the period between the summer of

19S7 and the summer of 1958.

An ●stimation of the biological half Ufe of

fish of the Rongehp area would be even more

the radioaotopes in the

speculative. However, K

the comparisons of the decline and decay in Figures 1 and 2 ●re indica-

tive, it would appear that the biological half Aife is longer than that

estimated for physical decay in the previous paragraph. It would k Of

value to know the biological half life of each of the radioiaotopea in

the Rongelap environment.
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This report

radioactivity in

during the summero of 1956 and 1957, es wcLl M ~puisoms with

previous radiobioAogicsl studies.

Gross ievela of beta radioactivity in muack USOUQ raa~ fxmrn

.016 to .038 uc/kg wet weight; bone from .020 to .102 uc/kg **t ~ci~t:

and liver tissue from .059 to .727 uc/kg wet weight.

Decline in radioactivity in the various tissues, as dctematned from

data obtained from collections of fish made in 1954, 1955, 19S6 and

1957, indicates recontamination from the nuclear

levels of radioactivity in bone ●nd muscle tissues

testsd 195s. ‘me

during the summer of

1957 were approximately the same aa they w.re in th summer of 1955.

Data on gross gamma radioactivity indicated that about the same

relative amount was present in the tissues of fish and ib fish from

different areas as was observed with gross levels of beta ●ctivity.

Both gamma and beta radioacUvity were higher in the liver tissue than

in other tissues of

materials tested.

the same fish, muscle tissue being tk lowest of the

The radioactivity in the fish was lower ●t Rongalap

Island

on the

Iahnd

than at either Enibuk Island, Ailinginae Atoll, or KabeM Island,

northeast rim of Rongehp Atoll. Of the three areas, we~le

had fish with the greatest amount of radioactivity.

:
{

i
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Oa S#hcd ●amp&a rewdod *8 Certdn

Chmdcal sapamtiona by ion-exchangs root= column t8cbniqtH

wom made on fish liver ●amplcs from Alb@Mo Atoll. Tb8u

samples exhibited ths characteristic gamma sp@ctrum o# -h tissues

from the three areas. ‘!%. presence d th rdioisot~o mentionad

ebove was vcrtfiad and quantitative ●otimatos d the radio~ctivity &

●ach isotope in the samph wore made. b addition Fe58 wu found

ualng ma.. absorption technique. About 40 par cent d the total

radioactivity was due to Zn65; 20 per cant to C057, C05’, and Cooo;

26 per cent to Fe5s; and about 6 por cent to unidentified radioisotopes.

ion- ●xchang9 resin calumn methods failed to reveal th8 preoence

of radiostrontiuxn in the liver of Enibuk reef fish. W. rwt.ioisotope

hae bten reported occasionally in fish bone of the Rongehp reg$on but

only lU vary small ●mounts.
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APPENDIX

Appetiix Table 10 Common nauw, genus, speeies ●rnl
swclmeno collected at Ro ●lap

Tginae Atolls during July 1 57

Lauality - Coumon Germs and speoles
data name

number of
M@ Ailln-

Rumber of
SPOC Saom

Enibuk 1.
Allfnglnae
Atoll
7/u/57

Rongelap I.
Rongelap
/toll
7/17/57

Kabelle I.
Ronge lap
Atoll
7/13/57

Clrouper
t30a:fish

Squirrelflsh
!)am:elfish

Surgeonflsh
Rawkflah
Lizard fish
Reefsmelt
Fe 1
Halfbeak
Urasse
Cardinal fish

C3ro~per

I@

Squ+rrelfLsh

Jack
Lizard fish
Damselftsh
Sur eonflshS

But:erfly fish

Wra9 se
Goatfish
Snapper
PFirrot
CerdLnal fish
Goby
?latflsh

Ooa:fish

Oro:per

Sur:eonflsh

EPine

GYiiiilOthorax p;cta
HnortmmDhu8 laticeps
Xallchoeres trl-culatus

l?PhODhSIUS merra
An erodon leucourwmalcus

‘%%%%++

Caranx sp.
9 nodua varie ●tue

tint=
Ctenochaetus strlatus
Zebrasoa flavescens
Chaetodon cltrinellus

lunula
Hallchoeres trlmaculatus
Mulloldtchthys samoensls
l.mtlanus sp.
9carus 8p.
= Snyderi

&%%%:’laena—.

PlulloldlchthYssaraoensls
UDeneus b~fasclatus
EpLneDhalus merra

fuscoizuttatus
Acn_a~~J1-Im ~~~~:::g~:

“-””- aiiiim

11
3
3
3

10
5
12
4
3
:

+
5

27
?
2

:
6
e
39
5 ,
1
5

1;
5
1

5
1
1
1

14

:
1

1;
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Appe~lx ?mblo 1. (cmthued)

●

Xabelle Io Squ$rrelflsh
f??lap

Dam:elflsh
7/M/57

Wresae
Parrot
w)1
Reef fish
Halfbeak
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Appezxlti Table 2. Radloactlvlt~ in ftsh -- R~lap I#land,
Rongelap Atoll, collected JUIZ 23, 1957

(Yalu*s exp-saed in uc~

c Omen name Oenus and species Musclo Bone—.. Liver

Stmgeoaf tsh Acanthurus
tilcana

!3quirrelfish HoYocentrus
dIadew

Butterfly fish Chaetodon
citrinellus

Grouper EPi~eBt@lU8
merra

Grouper ceDtMBIODhOliS
leomrdus

Grouper Q. urodelus

Damselfish Pomacentru8
melas

Goatfish 14ulloldlchthys
samoensls

berber lnus
Lizard ftsh Synodus varlejtatus

%%%w
Threadfish

Jack Car&lROLde9

Urasse
ferdau

Ha=res
tri=culatus

Homogenized muscle tissue
from 13 species (above)
19 speci-ns (1 gram tis-
sue from each). Three
platee tie from aggregate.

o.3*1

.028

.043

● 024

.019

.021

.014

.087

.027

.018

.021

.012

● 145

.038

.164

.013

.055

.029

.014

.029

.043
● 122

0.199

.058
●353

.091

.112

.121

.068

134
;104

● 069
.131
.222

.106

.205

.273

.173

.?13

.C)94

● 079

0.590

.285
6.090

. ~78

● 468

1.400

.482

.309

.222

● 189
.178
.224

.168

.454

1.040
::;;

.295

.084
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Appendl% lkble 3. Radioactlvlty In fish -a =bellc Island,
!iOWhP Atoll, COll@e= July 24, 1956

Co-n name Genus and species UU8C1O Bone Liver—-

Butterfly fish Chaetodon 0.056
citrlnellus

Po6acentrua .043

A:= .035

Mmselflsh

9urgeonfish

Parrotfish

?latfish

Qrouper

Grouper

Snapper

OoatfLsh

Lizard fish

Squlrrelflsh

!?3quirrelft9h

Wra9se

elonbz atus
3carua purwareus

Bothus MCUS—.

Eplnephalus rnerra

g. fuscouuttatua

Gnathodentex

‘F~Ul oldlchthys
samoensls

Synodus varle~atus

Holocentrus

● i)30

*035

.017

.035

.024

.038

.328

.J19

.026

.020

.026
● J21

0.1%

.384

.306

● 340

.224

.135

.079

● 173

.314

.294

.116

.124

.127

.170
.124

1,520

.208

1 ● 390

.814

.444

1.400

.886

.477

1.460
2.820

.113

4.17D

.318

2 ● 470
.736

Homogenized muscle tissue from .027
13 Species (above), 15 specl- .C130
mens (1 gram tissue from each). .048
Three plates mede from aggregate.
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